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(54) IRREVERSIBLE CIRCUIT COMPONENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize miniaturization and low cost 
by arranging center electrodes in crossing on a major side or the 
inside of a ferrite and connecting input output ports to one end of each 
center electrode. 

SOLUTION: A permanent magnet arranged in an upper yoke of a box 
shape made of a magnetic metal being a component of a magnetic 
circuit is used to apply a DC magnetic field to a ferrite disk. In this 
case, a connection electrode is formed to a 1st dielectric sheet, and a 
3rd input output port electrode P3 is connected to the connection 
electrode via a side face electrode. Furthermore, two connection 
electrode's are formed to the 2nd dielectric sheet and each connection 
electrode is connected respectively to remaining input output ports P1, 
P2 via the side face electrode formed to the 1st dielectric sheet. 
Furthermore, center strip electrodes 20, 21 are formed respectively to 

the surface of the 3rd and 4th dielectric sheets. Then the two center electrodes 20, 21 are insulated 
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electrically and arranged crossing at an angle of 90° with each other. 
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CLAIMS 



[Claim(s) ] 

[Claim 1] The non-reciprocal circuit component characterized by 
constituting from the center-electrode section which comes to connect 
the 3rd one input/output port with the other end, and a magnetic circuit 
for impressing a direct-current field to the above-mentioned ferrite 
while the 1st and 2nd center electrode is arranged to the ferrite so 
that it may cross in the state of an electric insulation mutually, and' 
connecting the 1st and 2nd input/output port to the end of the 1st and 
2nd center electrode, respectively. 

[Claim 2] The non-reciprocal circuit component characterized by adding 
the circuit for adjustment which comes to connect capacity in claim 1 
between the 1st and 2nd input/output port of the above, and the 3rd 
input/output port. 

[Claim 3] The non-reciprocal circuit component characterized by 
connecting a terminator to any one input/output port in claim 1 or 2. 
[Claim 4] The non-reciprocal circuit component characterized by having 
connected any one of the 1st and 2nd input/output port of the above to 
the ground, and for abbreviation etc. having been by carrying out 
between the remaining input/output port and the 3rd input/output port in 
claim 1 or 2 at the terminal impedance, and carrying out parallel 
connection of the resistance. 

[Claim 5] The non-reciprocal circuit component which carries out a 
laminating and is characterized by being the becoming layered product so 
that it sets they to be [ any / claim 1 thru/or / of 4 ], and the above- 
mentioned center-electrode section may sandwich an insulator sheet and a 
center electrode, this center electrode may sandwich an insulator sheet 
and it may be located by turns. 

[Claim 6] The non-reciprocal circuit component characterized by forming 
each input/output port electrode connected to each above-mentioned 
center electrode at the outside surface of the above-mentioned layered 



product in claim 5. 

[Claim 7] The non-reciprocal circuit component characterized by the 
above-mentioned insulator sheet being a ferrite in claim 5 or 6. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the improvement of 
the non-reciprocal circuit component adopted as RF components of a 
microwave band, for example, an isolator, and a circulator. 
[0002] 

[Description of the Prior Art] For example, the magnitude of attenuation 
is very small in the transmission direction of a signal, and has the 
very large property in hard flow, and the isolator of a concentrated- 
constant mold and the circulator are adopted as the transceiver circuit 
sections, such as a land mobile radiotelephone and a cellular phone, etc. 
Drawing 14 shows the representative circuit schematic of a general 
circulator, and are in an electric insulation condition about three 
center electrodes 50, 50, and 50, and make this circulator 53 cross so 
that a predetermined include angle may be made mutually, and it arranges 
it. while connecting the capacity C for adjustment to each input/output 
port P1-P3 of the end of each of this center electrode 50, it is 
constituted so that it may be alike in if the other end is connected to 
a ground and a ferrite 51 is made to contact a part for the intersection 
of each above-mentioned center electrode 50 and a direct-current field 
may be impressed. In addition, an isolator connects a terminator to any 
one above-mentioned input/output port, and is constituted. 
[0003] The ferrite 51 adopted as the above-mentioned circulator 53 is 



required to be a symmetry-of-revolution form 120 degrees centering on 
the impression direction of a direct-current magnetic field. This is 
because the balance between each input/output port PI - P3 collapses and 
a property deteriorates, when the ferrite of a nonrotation symmetry form 
is used 120 degrees. The viewpoint on this property, the viewpoint on 
manufacture of a ferrite, and the disc-like thing are further adopted as 
the above-mentioned ferrite from a viewpoint on the assembly of a 
circulator. 

[0004] By the way, the miniaturization of components and low-pricing are 
demanded in the circulator and isolator which are adopted as a cellular 
phone in recent years etc., considering the application. In order to 
respond to such a request, there is a thing of the structure shown in 
drawing 15 and drawing 16 conventionally. In addition, drawing 15 and 
drawing 16 are the decomposition perspective views seen from the bottom. 
This concentrated-constant form circulator 55 is the thing of the 
structure which arranged the ferrite 59 and the magnet 60 while 
arranging the laminating dielectric substrate 58 in the bottom yoke 56 
which constitutes a magnetic circuit, and the top yoke 57. The above- 
mentioned dielectric substrate 58 is what carried out the laminating of 
two or more dielectric sheets 61-66, and really formed them, and pattern 
formation of the ground electrodes 68 and 69, the capacitor electrodes 
70a-70c, and the center electrodes 71a-71c is carried out to each 
dielectric sheets 61-66, respectively. Moreover, the band-like terminal 
sheets 73 and 73 with which the terminal electrodes P1-P3 for 
input/output port and the grounding terminal electrodes 72a~72c were 
formed are arranged by the dielectric sheet 61 of the graphic display 
maximum upper layer. Here, when it constitutes an isolator, the 
dielectric sheet 77 with which pattern formation of the ground electrode 
75 and the resistance film 76 was carried out will be added to the 
graphic display lowest layer dielectric sheet 67. The above-mentioned 
circulator 55 turns the terminal electrodes P1-P3 down, and is mounted 
on the circuit board. 

[0005] In addition, what aimed at densif ication and reduction of 
components mark is proposed by really forming the above-mentioned center 
electrode and the capacity for adjustment, or unifying a center 
electrode and a ferrite (refer to Japanese Patent Application No. No. 
125630 [ four to ], and Japanese Patent Application No. No. 208963 
[ four to ]). 

[0006] Moreover, 2 terminal isolator as shown in drawing 17 is indicated 
by JP, 52-134349, A. This 2 terminal isolator 80 arranges the 1st and 2nd 
center electrode 81 and 82 arranged so that it may cross in the state of 



an electric insulation mutually to a ferrite 83. While connecting the 
1st and 2nd input/output port 84 and 85 to the end of the 1st and 2nd 
center electrode 81 and 82, respectively between the ends of the 1st and 
2nd center electrode 81 and 82 — resistance 86 — connecting — the 
other end of the 1st and 2nd center electrode 81 and 82 — a ground 87 - 
- connecting — the 1st and 2nd center electrode 81 and 82 — with the 
center-electrode section which is alike, respectively and comes to carry 
out parallel connection of the adjustment capacity 88 and 89 It consists 
of magnetic circuits (not shown) for impressing a direct-current field 
to the above-mentioned ferrite 83. The purport which can make an 
isolation property a broadband is indicated by by making it such a 
configuration. 
[0007] 

[Problem (s) to be Solved by the Invention] however, the above — also in 
the non-reciprocal circuit component of which 3 terminal structures, 
there is a limitation in reduction of the structure top densif ication 
and components mark, and there is a problem that it cannot respond in 
the request of the further miniaturization and low-pricing. For example, 
in the above-mentioned conventional circulator, while a components 
component is enlarged so much, there is a problem of becoming cost high, 
from it being necessary to secure the sheet surface product for forming 
each dielectric sheet for center electrodes, or forming adjustment 
capacity and a terminal electrode, or to form the through hole electrode 
for connecting each electrodes. 

[0008] Moreover, in the above-mentioned conventional 2 terminal isolator 
80, when the potential of the 1st input/output port 84 and the 2nd 
input/output port 85 shifts, there is a problem that the signal inputted 
from the 1st input/output port 84 decreases a part by the 1st and 2nd 
center electrode 81 and the resistance 86 which connects between 82, and 
an insertion loss property falls. That is, although it is ideal to make 
between each input/output port into this potential with a non-reciprocal 
circuit component, it is easy to produce the potential difference 
between each input/output port by various factors, such as distribution 
of a magnetic field, and a location of each center electrode and a 
ferrite, actually, and difficult for making between input/output port 
into this potential in the actual condition. 

[0009] Furthermore, in the above-mentioned conventional 2 terminal 
isolator 80, although an isolation property is made in a broadband, it 
has the problem that the return loss property in the same input/output 
port is a narrow-band. 

[0010] Drawing 18 is drawing showing the return loss property in the 



input/output port PI of the above-mentioned 2 terminal isolator 80. In 
this drawing, there are only about 80MHz bands in case the magnitude of 
attenuation is 15dB, and it becomes difficult to take adjustment of the 
electronic circuitry and electronic parts which were connected to the 
input side of an isolator for this reason. Incidentally, as for the band 
in case the magnitude of attenuation is 15dB in the case of above- 
mentioned 3 terminal isolator, it has about 200MHz. 
[0011] This invention was made in view of the above-mentioned actual 
condition, and it aims at offering the non-reciprocal circuit component 
which can improve an insertion loss property and a return loss property 
while it realizes densif ication of components, and reduction of 
components mark and can respond to a miniaturization and low-pricing. 
[0012] 

[Means for Solving the Problem] While invention of claim 1 arranges the 
1st and 2nd center electrode to a ferrite so that it may cross in the 
state of an electric insulation mutually, and connecting the 1st and 2nd 
input/output port to the end of the 1st and 2nd center electrode, 
respectively It is the non-reciprocal circuit component characterized by 
constituting from the center-electrode section which comes to connect 
the 3rd one input/output port with the other end, and a magnetic circuit 
for impressing a direct-current field to the above-mentioned ferrite. 
[0013] Invention of claim 2 is characterized by adding the circuit for 
adjustment which comes to connect capacity between the 1st and 2nd 
input/output port of the above, and the 3rd input/output port in claim 1. 
[0014] Invention of claim 3 is characterized by connecting a terminator 
to any one input/output port in claim 1 or 2. 

[0015] Invention of claim 4 is characterized by having connected any one 
of the 1st and 2nd input/output port of the above to the ground, and for 
abbreviation etc. having been by carrying out between the remaining 
input/output port and the 3rd input/output port at the terminal 
impedance, and carrying out parallel connection of the resistance in 
claim 1 or 2. 

[0016] Invention of claim 5 is characterized by being constituted by the 
layered product which carries out a laminating and becomes so that it 
sets they to be [ any / claim 1 thru/or / of 4 ], and the above- 
mentioned center-electrode section may sandwich an insulator sheet and a 
center electrode, this center electrode may sandwich an insulator sheet 
and it may be located by turns. 

[0017] Invention of claim 6 is characterized by forming each 
input/output port electrode connected to each above-mentioned center 
electrode at the outside surface of the above-mentioned layered product 



in claim 5. 

[0018] Invention of claim 7 is characterized by the above-mentioned 

insulator sheet being a ferrite in claim 5 or 6. 

[0019] 

[Embodiment of the Invention] The gestalt of operation of this invention 
is explained based on an accompanying drawing below. Drawing 1 thru/or 
drawing 3 are drawings for explaining the circulator by claims 1 and 5 
and 1 operation gestalt of invention of six, and drawing 1 - drawing 3 
are the decomposition perspective view of a circulator, and a 
representative circuit schematic, respectively, in addition, drawing 1 
R> — 1 and 2 are drawings which looked at the circulator from the 
bottom. 

[0020] In drawing, 1 is the circulator of a concentrated-constant mold 
and this arranges a permanent magnet 3 in the box-like top yoke 2 which 
consists of a magnetic-substance metal which constitutes a magnetic 
circuit. While arranging the dielectric multilayer substrate 4 as the 
center-electrode section in the graphic display upper part of this 
permanent magnet 3, the disc-like ferrite 5 is arranged. It equips with 
the bottom yoke 6 of the shape of a cap which consists of a magnetic- 
substance metal as well as the above top yoke 2, and is constituted, and 
a direct-current field is impressed to a ferrite 5 with the above- 
mentioned permanent magnet 3. 

[0021] The above-mentioned dielectric substrate 4 is 50 micrometers in 
thickness. Pattern formation of the predetermined electrode later 
mentioned on the top face of the 1st - the 4th dielectric sheets 7-10 of 
extent is carried out with printing and vacuum deposition, the 
laminating of each of these dielectric sheets 7-10 is carried out, and 
they are stuck by pressure, and this layered product is really sintered 
and it is formed. Moreover, the insertion holes 12 and 12 of magnitude 
with which insertion arrangement of the above-mentioned ferrite 5 is 
carried out are formed in the center section of the above-mentioned 1st 
and 2nd dielectric sheets 7 and 8. 

[0022] The strip-like sheets 13 and 13 for terminals are arranged at 
both the edges of the above-mentioned 1st dielectric sheet 7, and with 
the above-mentioned layered product, each sheet 13 is really sintered 
and is formed. The 1st - the 3rd input/output port electrodes P1-P3 are 
formed in each of this sheet 13. Each of these port electrodes P1-P3 are 
exposed to the method of outside from the openings 2a and 6a formed in 
the above top yoke 2 and the bottom yoke 6, and the surface mount of 
each port electrodes P1-P3 is carried out to the electrode line of the 
external circuit substrate which is not illustrated. 



[0023] The connection electrode 14 is formed in the graphic display top 
face of the above-mentioned 1st dielectric sheet 7, and this connection 
electrode 14 is connected to the 3rd input/output port electrode P3 
through the side-face electrode 17. Moreover, two connection electrodes 
25 and 26 are formed in the graphic display top face of the 2nd 
dielectric sheet 8, and each connection electrodes 25 and 26 are 
connected to the above-mentioned remaining input/output port electrodes 
PI and P2 through the side-face electrodes 18 and 19 formed in the 1st 
dielectric sheet 7, respectively. 

[0024] The band-like center electrodes 20 and 21 are formed in the front 
face of the above-mentioned 3rd and 4th dielectric sheets 9 and 10, 
respectively. These two center electrodes 20 and 21 are in an electric 
insulation condition, and are made to cross so that the include angle of 
90 degrees may be made mutually, and are arranged. The ends 20a and 21a 
of each of these center electrodes 20 and 21 are connected to the above- 
mentioned input/output port electrodes P2 and PI through the through 
hole electrodes 22 and 23 and the side-face electrodes 18 and 19, 
respectively. Moreover, the other ends 20b and 21b of each above- 
mentioned center electrodes 20 and 21 are connected to the input/output 
port electrode P3 through the through hole electrodes 24 and 16 and the 
connection electrode 14, respectively. Here, although the above- 
mentioned connection electrode 14 is connected to the bottom yoke 6, a 
bottom yoke is not connected to the electrode line of an external 
circuit substrate in case it mounts in the external circuit substrate 
which is not illustrated. Moreover, when not connecting the above- 
mentioned connection electrode 14 to the bottom yoke 6, the resist film 
will be formed on the connection electrode 14. When preparing this 
resist film, a dielectric sheet may already be further prepared between 
the above-mentioned 1st dielectric sheet 7 and the sheet 13 for 
terminals, and you may form by other approaches. 

[0025] This concentrated-constant mold circulator 1 uses differing by 
the case where the phase of dielectric electromotive force spreads in a 
port P2 from a port PI for [ of a ferrite 5 ] nonreversible, and the 
case where it spreads from P2 to PI. And the difference of the variation 
of these phases changes with magnetism, a frequency, and the crossed 
axes angles of center electrodes 20 and 21. Therefore, it is possible to 
make the difference of the variation of a phase into 180 degrees on the 
above-mentioned magnetism and the frequency designed by setting up the 
crossed axes angle of a center electrode. 

[0026] Next, the principle of operation of the above-mentioned 
circulator 1 is explained based on drawing 3 . When a current equal to 



an input to the 3rd input/output port P3 flows from the 1st input/output 
port PI, suppose that potential with the magnitude of an input and an 
abbreviation phase equal between P3 and P2 arises. Moreover, when a 
current equal to an input to P3 flows from the 2nd input/output port P2, 
the phase with which an input and magnitude spread abbreviation etc. 
between P3 and P2 presupposes that the potential reversed 180 degrees 
arises. 

[0027] When a signal is inputted from PI, the current from PI flows into 
all abbreviation P2, and a current does not flow to P3. At this time, 
the potential of an inphase arises mostly with input power between P3 
and P2 according to the current which flows from PI to P3. Moreover, 
according to the current which flows from P3 to P2, the potential of an 
abbreviation opposite phase arises between PI and P3. For this reason, 
PI and P2 become this potential, and they always approximate the 
potential of P3 to 0V. Therefore, the signal inputted into PI is 
outputted to P2, without being transmitted to P3. 

[0028] On the other hand, when a signal is inputted from P2, the current 
from P2 flows into all abbreviation P3, and a current does not flow to 
PL Since the potential difference between P2 and P3 is hardly produced 
at this time, P2 and P3 become **** potential. Moreover, according to 
the current which flows from P2 to P3, since the potential of input 
power and an abbreviation opposite phase arises between P3 and PI, the 
potential of PI is always approximated to 0V. Therefore, the signal 
inputted into P2 is outputted to P3, without being transmitted to PI. 
[0029] Thus, since the remaining input/output port P3 was connected to 
the other end while according to this operation gestalt making two 
center electrodes 20 and 21 cross, having arranged and connecting 
input/output port PI and P2 to the end of each center electrodes 20 and 
21, respectively, compared with structure, it becomes reducible [ a 
center electrode capacitor capacity, and input/output terminal 
electrodes ] conventionally. Consequently, only the part from which the 
dielectric sheet in which the center electrode was formed can be made 
much more unnecessary, and a capacitor electrode and one terminal 
electrode become unnecessary can make a sheet surface product small, and 
it can respond to the request of an above-mentioned miniaturization and 
low-pricing from the ability of the number of processings of the through 
hole electrode corresponding to it to be reduced further. 
[0030] Moreover, with this operation gestalt, without degrading an 
irreversible property, since center electrodes 20 and 21 were 
constituted from two, and the configuration of the 180-degree symmetry 
of revolution is sufficient as a ferrite configuration centering on the 



direct-current field impression direction, a ferrite configuration can 
be designed to arbitration, such as a cube, for example, as a result 
components cost can be reduced. 

[0031] In addition, although the center electrode was formed in the 
dielectric sheet and the ferrite was made to contact this with the 
above-mentioned operation gestalt, a center electrode may be formed in 
the interior of a ferrite in this invention. This carries out laminating 
sticking by pressure of each ferrite sheet, and constitutes a layered 
product while it fabricates the ferrite sheet of two or more sheets and 
carries out pattern formation of the center electrode to this sheet of 
two sheets, respectively. What was carried out in this way is invention 
of claim 7. 

[0032] Thus, when constituted, it can respond to a miniaturization and 
low-pricing further. Moreover, since a ferrite configuration can be set 
as arbitration, the picking number in the case of piercing the above- 
mentioned ferrite sheet from a mother sheet can be increased, the yield 
is improved also from this point, and it can contribute to low-pricing. 
Furthermore, the insertion hole 12 for inserting a ferrite 5 in the 
above-mentioned dielectric sheets 7 and 8 can be made unnecessary, and 
processing cost can be reduced. 
[0033] 

[Example] Next, the experiment which checks the effectiveness of this 
invention and which went to accumulate is explained. As shown in a table 
1 and drawing 4 , this experiment created the circulator concerning this 
invention, and measured the insertion loss property and isolation 
property of this. A table 1 shows the dimension, the magnitude, and the 
experiment conditions of each component part of the above-mentioned 
circulator. 



[0034] 

[A table 1] 
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[0035] This circulator 30 arranges a ferrite 32 on a copper plate 31, it 
arranges it so that an insulating tape 37 may be made to be placed 



between the top faces of this ferrite 32 by the center electrodes 33 and 
34 which consist of two copper ribbons and the crossed axes angle of 90 
degrees may be made, connects the other end to a copper plate 31, is 
constituted, and that of the equal circuit of this circulator 30 is the 
same as that of drawing 3 . The external magnetic field Hex to the 
above-mentioned ferrite 32 was impressed with the electromagnet. 
Moreover, this experiment was conducted by measuring the passage 
property between a port PI and a port P3. At this time, the port PI and 
the copper plate 31 are measured for the center electrode 34 as a port 
P3. 

[0036] Drawing 5 (a) and (b) are property drawings showing the 
measurement result of an insertion loss property and an isolation 
property, respectively. It turns out that the value with which can be 
satisfied of both the insertion loss property which shows the passage 
loss property of a signal, and the isolation property which shows a hard 
flow damping property is acquired so that clearly also from this drawing. 
That is, as above-mentioned actuation explained, between each 
input/output port can be made into **** potential, and degradation of 
the difficult insertion loss property can be canceled in the 
conventional 2 terminal isolator. 

[0037] Drawing 6 and drawing 7 are drawings for explaining the 
circulator by 1 operation gestalt of invention of claim 2, and show that 
the same sign as drawing 2 is the same, or a considerable part among 
drawing. The fundamental structure of this circulator explains only a 
different part from it being the same as that of drawing 1 and drawing 
2 . 

[0038] Dielectric substrate 4x which constitute the circulator of this 
operation gestalt 50 micrometers in thickness While carrying out pattern 
formation of the predetermined electrode to the top face of the 1st - 
the 5th dielectric sheets 7x-llx of extent with printing and vacuum 
deposition, carrying out the laminating of each of these dielectric 
sheets 7x~llx to it and being stuck to it by pressure Laminating 
sticking by pressure of the sheets 13 and 13 for terminals is carried 
out, and this is really sintered, and it is formed, and is the same as 
that of the above-mentioned operation gestalt and abbreviation. 
[0039] the capacitor electrodes 14 and 15 form in the graphic display 
top face of the above-mentioned 1st and 3rd dielectric sheets 7x and 9x, 
respectively — having — **** — these each capacitor electrodes 14 and 
15 — the through hole electrode 16 — it connects with the 3rd 
input/output port electrode P3 through . . and the side-face electrode 17. 
moreover, the 2nd — two capacitor electrodes CI and C2 are formed in 



the graphic display top face of dielectric sheet 8x so that the 
insertion hole 12 may be surrounded, and each capacitor electrodes CI 
and C2 are connected to the above-mentioned remaining input/output port 
electrodes PI and P2 through the side-face electrodes 18 and 19, 
respectively. Capacity arises, respectively between the above-mentioned 
capacitor electrode 14, and CI and C2 and between the capacitor 
electrode 15, and CI and C2. 

[0040] The band-like center electrodes 20 and 21 are formed in the front 
face of the above-mentioned 4th and 5th dielectric sheets lOx and llx, 
respectively. These two center electrodes 20 and 21 are in an electric 
insulation condition, and are made to cross so that the include angle of 
90 degrees may be made mutually, and are arranged. The ends 20a and 21a 
of each of these center electrodes 20 and 21 are connected to the above- 
mentioned input/output port electrodes P2 and PI through the through 
hole electrodes 22 and 23, respectively. Moreover, the other ends 20b 
and 21b of each above-mentioned center electrodes 20 and 21 are 
connected to the input/output port electrode P3 through the through hole 
electrodes 24 and 16, respectively. Between the ends 20a and 21a of each 
above-mentioned center electrodes 20 and 21, and the other ends 21b and 
20b, the above-mentioned capacitor electrodes C2 and CI are connected. 
[0041] In the concentrated-constant mold circulator of this operation 
gestalt, it is possible to make the difference of the variation of a 
phase into 180 degrees like the circulator of the above-mentioned 
operation gestalt on magnetism and the frequency designed by setting up 
the crossed axes angle of a center electrode. 

[0042] According to the circulator of this operation gestalt, since the 
capacity CI and C2 for adjustment was added to juxtaposition between the 
1st input/output port PI and the 3rd input/output port P3 and between 
the 2nd input/output port P2 and the 3rd input/output port P3, 
adjustment of a frequency when designing the electronic circuitry and 
electronic parts which are connected to a circulator and this by this 
can be taken. 

[0043] Moreover, with this operation gestalt, it becomes reducible [ a 
center electrode capacitor capacity, and input/output terminal 
electrodes ] compared with structure conventionally like the circulator 
shown in drawing 2 . In addition, although an added part of the 
dielectric sheet which forms a capacitor electrode, and a laminating 
dielectric substrate become high with this operation gestalt, it is 50 
micrometers in thickness. Since it is extent, the height of the 
circulator itself does not become so high. 

[0044] With the above-mentioned operation gestalt, although the center 



electrode was formed in the dielectric sheet, two or more ferrite sheets 
may be formed in the interior of the ferrite which comes to carry out a 
laminating like the above. Thus, as well as the above when it 
constitutes, it can respond to a miniaturization and low-pricing further. 
Moreover, the above-mentioned ferrite sheet may be used only for the 
sheet which forms a center electrode, may be used only for the sheet 
which forms a capacitor electrode, or may combine a ferrite sheet and a 
dielectric sheet with it. 
[0045] 

[Example] Next, the experiment which checks the effectiveness of this 
operation gestalt and which went to accumulate is explained. As shown in 
a table 2 and drawing 8 , this experiment created the circulator 
concerning this invention, and measured the insertion loss property and 
isolation property of this. A table 2 shows the dimension, the magnitude, 
and the experiment conditions of each component part of the above- 
mentioned circulator. 
[0046] 
[A table 2] 
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[0047] While this circulator 30x arrange a ferrite 32 on a copper plate 
31, they arrange it so that an insulating tape 37 may be made to be 
placed between the top faces of this ferrite 32 by the center electrodes 
33 and 34 which consist of two copper ribbons and the crossed axes angle 
of 90 degrees may be made, and connecting chip capacitors 35 and 36 to 
the end of each center electrode 33, the other end is connected to a 
copper plate 31, it is constituted, and the equal circuit of this 
circulator 30 is the same as that of drawing 7 . The external magnetic 
field Hex to the above-mentioned ferrite 32 was impressed with the 
electromagnet. Moreover, this experiment was conducted by measuring the 
passage property between a port PI and a port P3. At this time, the port 
PI and the copper plate 31 are measured for the center electrode 34 as a 
port P3. 



[0048] Drawing 9 (a) and (b) are property drawings showing the 
measurement result of an insertion loss property and an isolation 
property, respectively. It turns out that the value with which can be 
satisfied of both the insertion loss property which shows the passage 
loss property of a signal, and the isolation property which shows a hard 
flow damping property is acquired so that clearly also from this drawing. 
[0049] drawing for drawing 10 to explain the isolator by 1 operation 
gestalt of invention of claim 3 — it is — inside of drawing, and 
drawing 2 R> — the same sign as 2 and 6 shows the same or a 
considerable part. The fundamental structure of this isolator explains 
only a different part from it being the same as that of drawing 2 and 6. 
[0050] The concentrated-constant mold isolator 40 of this operation 
gestalt connects the terminator film 41 to one input/output port P3, and 
is constituted, and this terminator film 41 is formed in the 6th 
dielectric sheet 42 arranged by the lower part of the 5th dielectric 
sheet 11. End side 41a of the above-mentioned terminator film 41 is 
through hole electrode 43a. . It reaches, and connects with the GND 
electrode 44 through side-face electrode 43b, and other end side 41b is 
connected to input/output port P3 through the other end sides 20b and 
21b of each center electrodes 20 and 21, and the capacitor electrodes 15 
and 14. Although resistance is added and constituted from this operation 
gestalt here in the input/output port P3 of a circulator shown in 
drawing 7 , if adjustment with an external circuit can be taken, 
adjustment capacity is good also as a configuration which added 
resistance to the input/output port P3 of a circulator, since it is not 
required, for example, as shown in drawing 3 . 
[0051] With this operation gestalt, since the terminator 41 was 
connected to one input/output port P3 while having arranged two center 
electrodes 20 and 21, compared with the conventional isolator, it 
becomes reducible [ a center electrode, capacitor capacity and 
input/output terminal electrodes ], and can respond to the request of a 
miniaturization and low-pricing, and the same effectiveness as the 
above-mentioned operation gestalt is acquired. 

[0052] Since resistance furthermore is not conventionally connected to 
input/output port PI with this operation gestalt as compared with 2 
terminal isolator of an official report, even if the potential 
difference has arisen between input/output port PI and input/output port 
P2, loss by resistance does not arise. Therefore, the problem that an 
insertion loss property falls can be solved and improvement in the 
property in this point is attained. 

[0053] Drawing 11 is drawing for explaining the isolator by 1 operation 



gestalt of invention of claim 4, and shows that the same sign as drawing 
7 R> 7 is the same, or a considerable part among drawing. From it being 
the same as that of drawing 7 , the fundamental circuitry of this 
isolator explains only a different part. 

[0054] this isolator 45 — one input/output port P2 — a ground — 
connecting — between the remaining input/output port PI and P3 — a 
terminal impedance — abbreviation — parallel connection of the 
resistance R of an equal value is carried out, and it is constituted. 
Here, parallel connection of the same resistance as the above may be 
carried out between a port P2 and 3, a port PI may be connected to a 
ground, and parallel connection of the same resistance as the above may 
be carried out between a port PI and P2, and a port P3 may be connected 
to a ground. 

[0055] The principle of operation of the above-mentioned isolator 45 is 
explained based on drawing 11 . When a signal is inputted from PI, the 
current from PI flows into P3 via Resistance R. Since a current does not 
flow via center electrodes 21 and 20 from PI to P3 at this time, induced 
electromotive force does not arise between P2 and P3. For this reason, 
P2 and P3 become this potential mostly, and they always approximate the 
potential of P3 to 0V. Therefore, since the potential difference of PI 
and P3 becomes almost equal to the potential difference of PI and a 
ground, the signal inputted into PI is absorbed by Resistance R. 
[0056] As the above-mentioned operation gestalt described here, when, as 
for a circulator, a signal is inputted from P3, PI and P3 are these 
potentials mostly, and they always approximate the potential of P2 to 0V. 
For this reason, since the ends of this resistance are always these 
potentials mostly even if it connects resistance between PI and P3, the 
amount to which a current flows to resistance is minute. Moreover, 
whether it makes P2 short-circuit with a ground or does not carry out, 
the potential is always approximated to 0V. For this reason, a passage 
property becomes almost the same as an above-mentioned operation gestalt, 
and the signal inputted into P3 is outputted to PI. Also in the case of 
the combination of other ports, such actuation is the same. 
[0057] With this operation gestalt, since parallel connection of the 
resistance R was carried out between two input/output port PI and P3, 
compared with the conventional isolator, it becomes reducible [ a center 
electrode, capacitor capacity and input/output terminal electrodes ], 
and can respond to the request of a miniaturization and low-pricing, and 
the same effectiveness as the above-mentioned operation gestalt is 
acquired. Moreover, since a GND electrode can be made unnecessary 
compared with the isolator mentioned above, only the part can reduce 



cost. 

[0058] Drawing 12 (a) and (b) show the measurement result of the 
insertion loss property of the above-mentioned isolator 45, and an 
isolation property, respectively. This measurement carried out parallel 
connection of the 50-ohm resistance between a port PI and P3, and was 
performed by making a port P2 short-circuit with a ground. It turns out 
that the result with which can be satisfied of both properties is 
obtained so that clearly also from this drawing. 
[0059] Drawing 13 shows the measurement result of the return loss 
property of the above-mentioned isolator 45. It turns out that bandwidth 
in case the magnitude of attenuation is 15dB is 220MHz, and-izing of the 
return loss property can be conventionally carried out [ broadband ] 
compared with 80MHz of 2 terminal isolator of an official report so that 
clearly also from this drawing. 
[0060] 

[Effect of the Invention] Since one input/output port was connected to 
the other end while according to the non-reciprocal circuit component 
which starts invention of claim 1 as mentioned above having arranged two 
center electrodes which cross mutually to the principal plane of a 
ferrite, or the interior and connecting input/output port to the end of 
each center electrode, respectively, it becomes reducible [ a center 
electrode, capacitor capacity, and input/output terminal electrodes ], 
and is effective in a miniaturization and low-pricing being realizable. 
[0061] In invention of claim 2, since the circuit for adjustment which 
comes to connect capacity was added between the 1st and 2nd input/output 
port and the 3rd input/output port, it is effective in the ability to 
take adjustment with an external circuit easily. 

[0062] invention of claim 3 — the above — since the terminator was 
connected to any or one input/output port, it is effective in the 
ability to contribute to the miniaturization in the case of constituting 
an isolator, and low-pricing. Moreover, the potential difference between 
input/output port can be abolished and the effectiveness that 
degradation of an insertion loss property is avoidable is acquired. 
[0063] invention of claim 4 — the above — any or one input/output port 

— a ground — connecting — between the two remaining input/output port 

— the impedance of this port — abbreviation — since parallel 
connection of the equal resistance was carried out, while it is 
effective in the ability to contribute to the miniaturization in the 
case of constituting an isolator, and low-pricing, there is 
effectiveness by which a return loss property is made in a broadband. 
[0064] In invention of claim 5, since the laminating of the center- 



electrode section was carried out so that an insulator sheet and a 
center electrode might be located by turns, it is effective in realizing 
densif ication and being able to contribute to the further 
miniaturization. 

[0065] Since each input/output port electrode was formed and constituted 
from invention of claim 6 in the outside surface of a layered product, 
there is effectiveness which realizes densif ication further and can be 
miniaturized. 

[0066] In invention of claim 7, since the above-mentioned insulator 
sheet was constituted from a ferrite, the densif ication of the 
components can be carried out further and it is effective in the ability 
to respond to the further miniaturization and low-pricing. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a decomposition perspective view for explaining the 
concentrated-constant mold circulator by claims 1 and 5 and 1 operation 
gestalt of invention of six. 

[Drawing 2] It is the decomposition perspective view of the dielectric 
substrate of the above-mentioned circulator. 

[Drawing 3] It is the representative circuit schematic of the above- 
mentioned circulator. 

[Drawing 4] It is the perspective view of the circulator created in 
order to check the effectiveness of the above-mentioned operation 
gestalt. 

[Drawing 5] It is property drawing showing the effectiveness of the 
above-mentioned circulator. 

[Drawing 6] It is the decomposition strabism for explaining the 



circulator by 1 operation gestalt of invention of claim 2. 
[Drawing 7] It is the representative circuit schematic of the above- 
mentioned circulator. 

[Drawing 8] It is the perspective view of the circulator created in 
order to check the effectiveness of the above-mentioned operation 
gestalt. 

[Drawing 9] It is property drawing showing the effectiveness of the 
above-mentioned circulator. 

[Drawing 10] It is the decomposition strabism for explaining the 

isolator by 1 operation gestalt of invention of claim 3. 

[Drawing 11] It is a representative circuit schematic for explaining the 

isolator by 1 operation gestalt of invention of claim 4. 

[Drawing 12] It is property drawing showing the effectiveness of the 

above-mentioned isolator. 

[Drawing 13] It is return loss property drawing showing the 
effectiveness of the above-mentioned isolator. 
[Drawing 14] It is the representative circuit schematic of the 
conventional general circulator. 

[Drawing 15] It is the decomposition perspective view of the 
conventional circulator. 

[Drawing 16] It is the decomposition perspective view of the 
conventional dielectric substrate. 

[Drawing 17] It is the circuit diagram of the conventional 2 terminal 
isolator. 

[Drawing 18] It is return loss property drawing of the above-mentioned 2 
terminal isolator. 
[Description of Notations] 

1 30 Circulator (non-reciprocal circuit component) 

4 4x Dielectric substrate (center-electrode section) 

5 [ ] Ferrite 

20 21 The 2nd and 1st center electrode 

40 45 Isolator (non-reciprocal circuit component) 

41 R Resistance 

P1-P3 The 1st - the 3rd input/output port 

CI, C2 Capacitor electrode (circuit for adjustment) 
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[Drawing 14] 
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